It has indeed been a great pleasure and an honor to have the opportunity to serve as your president during this last year, a special one, I think, as it takes us to the year 2000. As I began my research for this address, I came across this quote from Jacques Perissat, one of the leaders in minimally invasive surgery in Europe, who wrote in the *World Journal of Surgery*, "For a surgeon who performed some of the first laparoscopic cholecystectomies, laparoscopic surgery is undoubtedly the main revolution of the last decade of the century." This quote reflects my assessment of the last ten years as laparoscopy takes its place with other great developments in the history of surgery. For my part, I feel I have truly been blessed to be in the right place at the right time. However, although the successes have been rewarding, there have also been the inevitable second thoughts and misgivings along the way when trying to be a pioneer in a field where consequences of our mistakes and the mistakes of those we train must be born by human beings, our patients. I would like to take the opportunity in this presidential address to reflect upon the events that brought minimally invasive surgery to where it is today and then consider what might be in store for the future.

We are approaching the end of a year, a decade, and even a millennium. I feel obligated to say something about the future. I hesitate a bit, though, as I am a fan of Stephen Gould\'s best-selling book concerning the significance of the millennium, entitled, as you might expect, "Questioning the Millennium." Gould makes the case that there is little foundation, astrological, cosmological, religious or even calendrical to account for the fascination with the millenniums. Indeed, we are not even sure when the next millennium begins! Is it January 1, 2000 or January 1, 2001? It is somehow comforting, though, to a minimally invasive surgeon such as myself that there is such a distinctive binary sound to the year 2000, fitting for the digital revolution that is upon us. Well, enough for esoteric thinking and on to some thoughts about what possibilities lie ahead for the field of minimally invasive surgery.

We hear about the electronic revolution that is going to change completely the way we practice medicine: tele-surgery, tele-education, tele-mentoring, tele-consultation, tell a lie. To be sure, I have listened to many predictions about the future, which I am sure have been greatly exaggerated, based less on reality and more on the need to be sexy enough to keep the speaker on the after-dinner speech circuit. Predicting the future is a dubious business, calling to mind the quote from our quintessential American grass roots philosopher, Yogi Bear, "The future just ain\'t what it used to be." To give credit where it is due, this actually may have been authored by the comic strip character "Pogo." Well, anyway, if predicting the future is so difficult, maybe we should look carefully at the past to try to develop a pattern, which might give us some insight. As you will see, it is my feeling that the future is completely dependent on the so-called information revolution. To my way of thinking, it all started back in 1679 when philosopher and mathematician Gottfried Wilhelm von Leibnic developed a system of binary notation in which all numbers could be expressed as either ones or zeros. The binary system was a natural when electronic machines came on the scene. Switches are either on or off, corresponding to the ones and zeros in binary. IBM\'s Mark Seven, the grandfather of today\'s mainframe computers, used electro-mechanical switches. History buffs today understand the importance of the first completely electronic computer, the Colossus 1, built in 1941 by the British government at the University of Manchester. It was this computer that was used to crack Germany\'s secret ultra code. The early electronic computers were plagued with frequent down times because the electrical switches were vacuum tubes that blew frequently and had to be replaced. The transistor was invented in 1948 by three Americans working at AT&T\'s Bell laboratories: John Pardeen, Walter Brattain and William Shockley. Their work eventually led to a Nobel Prize in 1956. It has been said that the transistor did for the computer what the internal combustion did for the steam engine. Transistors were 100 times faster than the vacuum tubes and, because of their solid state nature, were much less fragile.

There were other developments in the middle part of this century, which also would profoundly effect our society. I doubt that anyone in this room over 50 years old has forgotten the hubbub surrounding the launch of Sputnik 1 in 1957. Sputnik 1 was the first object made on Earth to be placed in orbit, and its launch by the Soviet Union at a politically sensitive time resulted in the space race. I\'m happy to report, a half century later, that despite the warnings of the time, this technological achievement did not result in the detonation of hydrogen bombs in every backyard in America. What did follow was the development of the technology needed to launch the numerous satellites crucial to the information revolution, which is affecting minimally invasive surgery. Now we can bounce the bits and bytes with their binary code off these satellites back to any location on our planet.

We had come a long way by this point, but certainly huge mainframe computers were not practical for physicians. In 1971, Ted Hoff, working at the Intel Corporation near San Francisco, which eventually would become known as Silicone Valley, invented the micro processor, the heart of which is a tiny silicone chip that contains the equivalent of thousands, and now millions, of transistors. In 1976, the Apple Computer Corporation introduced the Apple II, the world\'s first commercially available personal computer, complete with keyboard and color graphics. Fiber optics has also been crucial to the advancement of our craft. The key to fiber optics is the optical fiber made of either flexible glass or transparent plastic filament, which transmits light by means of a series of internal reflections. The first practical application of fiber optics was in 1955 when Narinder Kapany incorporated fiber optic cables into an endoscope. Fiber optics have now been refined such that other energies, for example, television and telephone signals, can also be transmitted.

So, now all the pieces are in place for the information technology revolution. With the massive computing capabilities made possible by the folks at Intel, the video imagery essentially to minimally invasive surgery can be reduced to bits and bytes using binary codes of zeros and ones. With fiber optics and communication satellites, we can move these bits and bytes around the world and then turn the so-called digital signals back into their original form from our desktops or operating rooms, using computers that have been "taught" the binary codes. The situation can only improve, since the optical processor is apparently on the way, which uses light instead of electricity for its switches, making it even faster.

So what are the consequences of the information technology revolution to the Society of Laparoendoscopic Surgeons? Now that we can reduce the sounds and images from our video monitors in the operating room to binary code and then reassemble them remotely and do the same with our printed material, we enter a new era with a wealth of possibilities. I would like to concentrate on seven areas, which are not really futuristic, because they are here today. They have in common, however, the potential for significant further development. These include tele-surgery, education and mentoring, virtually reality, dexterity-enhanced surgery, image guidance, robotics and, finally, the Internet.

Let\'s start with tele-surgery. Tele-surgery would seem to have its most immediate application in the military arena. Of course, this assumes that the enemy would be willing to respect the purposes of a mobile van containing the technicians and satellite-receiving equipment necessary to immediately save the life of an injured soldier. Unfortunately, reality suggests that most enemies would blow the thing to smithereens. Then we have the technical problem of the time delay inherit with long-distance transfers of the bytes and bits. It has been estimated that 200 milliseconds is the maximum delay allowable for sending hand motions from a work station to the tips of remotely located instruments. Satellites are hopeless at the present time with their nearly two-second delay. Even ground-based systems with a direct connection are limited to a few hundred miles between the primary and remote location because of the latency problem. We have a ways to go here, but it is reasonable to assume that with improved technology these numbers can only be brought down.

Tele-education will certainly have a place in the continuing education efforts of surgeons of the future. As recently as two weeks ago, I participated in a conference being held in São Paulo, Brazil, while I was in our Biomedical Communications Department at Creighton in Omaha, Nebraska. Even with the time delay inherent in the system we were using, the educational exchange was valuable. The length of the time delay will certainly decrease, and the quality of the video image will improve. Nevertheless, tele-education is not going to replace a meeting structure such as we are experiencing today. This is because of the impersonal nature of the remote exchange.

On to virtual reality. Virtual reality is an imaginary world where things appear to be virtually real to the human senses of sight, hearing and touch. The illusion of the sensation is generated by a computer and is based on 3-dimensional environments created by a programmer. The key words in discussing virtually reality are emergence and interaction. Emergence refers to the fact that you can put yourself into a virtual world. Interactive means that you can touch and manipulate objects that exist only in that virtual world. The term "cyberspace," now used loosely to describe many aspects of the information technology revolution, actually was coined in the 1984 science-fiction novel by William Gibson entitled "Neuromancer." In this book, Gibson describes an interactive global computer network that was both emergent and interactive. The potential for surgical education is exciting. In 1993, a project was begun to design a virtual map of the human body. In deference to the ethical concerns already mentioned regarding surgeons\' learning curves, it is likely that both the profession and the public will demand that virtual reality be developed to the degree it has been for the airline industry with its flight simulators. This will also address the ever-increasing concerns of the animal rights movement. The latency factor continues to plague surgical simulators, so a level of sophistication currently enjoyed by airline pilots seems a bit of a way off. Other important applications of virtual reality will involve the designing and testing of surgical equipment in operating rooms and its incorporation into tele-surgery programs.

Next is dexterity-enhanced surgery. Perhaps the most exciting of them all. A computer improves the precision of the surgeon\'s movements between his or her hands at a workstation and the tips of the instruments in the patient, eliminating tremors and other products of human frailty. Such a system was demonstrated at the most recent annual clinical congress of the American College of Surgeons under the trade name "Zeus." Along with the hand motions of the surgeons, the video image can also be manipulated. An example is motion compensation, a term used to describe a system in which a structure, which is actually moving in reality, is made to appear still on the surgeon/s monitor. The best example is the performance of a coronary artery anastomosis on a beating heart made to look in asystole to the surgeon by the computer. The results with an early system such as Zeus makes it seem highly likely that dexterity enhancement will be incorporated into the everyday practice of the minimally invasive surgeon of the future.

Image guidance will also assume greater importance. The use of these techniques by the minimally invasive surgeon is only limited by the fact that interventional training is not provided to trainees outside of radiology and some vascular surgery programs. However, the vast majority of interventional radiological procedures are variations on the one simple theme, that is, the Seldinger catheter exchange technique. Substantial recent progress in interventional radiology has been based not on technical prowess or new theoretical concepts but on the improved imaging, processing technology, miniaturization of tools and the use of diverse types of physical energies. Surgical training programs are already taking steps to incorporate basic interventional techniques.

Robotics will play a role in the minimally invasive surgeons\' practice of the future. The term "robotics" tends to conjure up an idea of miniature devices with exotic appendages creeping and crawling all over the human body. Certainly, I am not sure whether this is ever going to develop, but there will be devices that will perform repetitive, mundane tasks in a tireless fashion; an arm which holds the camera for minimally invasive surgery is perhaps a realistic example. The precision that can be obtained by these devices for basic surgical tasks such as suturing or drilling out bone for joint replacement suggests their presence in surgery will almost certainly increase. The nurses appreciate the importance of robotics in surgery as evidenced by this quote from a recent article in AORN. "This group certainly feels it is important to position themselves properly for the burgeoning field of robotics."

The Internet is the last area that I would like to discuss. The internet is less futuristic than some of the other items covered today because it is here and now. It never dawned on me when I was eight years old, wondering about Sputnik 1, that this would lead to the ability to hurl bits and bytes of information around the globe. Most of this presentation was prepared from the Internet, downloading text and graphics with the click of a mouse and then cutting and pasting the material into the presentation, while never leaving the comfort of my study at home. Very little of it relied of printed material. Even full text articles are now available. The ease with which one can access material on the Internet makes me seriously question the future viability of journals and textbooks as we know them. Communication with collaborators around the world through e-mail results in every-day exchanges of ideas, which can only be of benefit to our patients.

So, are there any drawbacks to this technical revolution? There certainly is one that is huge. Who is going to pay for all of this? Healthcare expenditures in the United States in the 1990\'s reached reach \$755 billion. Much of this increase in healthcare cost has been driven by technology. We must come to grips with the fact that in the past our job as physicians was only to produce the best clinical results. Now, it is to produce the best clinical results with the least cost to the patient. In the future, we are going to have to figure out a way to produce the best clinical results with the least cost to society. In the backdrop, 36 to 40 million individuals in the United States have no health insurance, which is a national disgrace and of particular importance to us since most minimally invasive procedures are elective. We all know, the uninsured have little access to elective procedures in this country. Many factors impact the difficulty, not all of which are under our control. Physicians are trained to provide the best care possible to their patients. The reality is that the latest technology commonly translates into the best care. The media educates the public in our free society so they are knowledgeable about new technologies, and the public demands these new technologies. The public fascination with new medical developments makes the situation only worse. Political realities make it difficult for our elected officials to try to control the costs because the result might be non re-election. Uncertainties about which technologies will ultimately prove to be effective means resources are squandered in pursuing the losers. Finally, teaching patterns do not favor cost containment, and there are no practical or ethical mechanisms to provide incentives to truly contain costs.

This concludes my assessment of the state of minimally invasive surgery as we approach the next millennium. I will leave you with this quote from Dr. Richard Satava, who has been instrumental in promoting many of the minimally invasive concepts. Dr. Satava writes, "The challenge to the surgeon is to be aware of the opportunities, rigorously evaluate the technologies, and be willing to change if evidence-based outcomes demonstrate a clear benefit for the patient."

I want to thank you for the privilege of being your president and for allowing me to use this opportunity to express my humble thoughts as we head to the year 2000.
